Abstract An event that is not already part of an aftershock sequence is considered a foreshock if it is followed by an equal or larger earthquake within 5 days and 30 km. The likelihood that an apparently isolated event (shallower than 40 km and greater than magnitude 5.0) in New Zealand is a foreshock averages 4.5 ± 0.7%. If the mainshock is required to have a magnitude at least one unit greater than the foreshock, the probability drops to 0.8 ± 0.3%. Little difference in foreshock probability is noticeable between two different aftershock-removal windows, between different magnitude ranges, or between different time periods. However, events deeper than 40 km yield probabilities that depend on magnitude and also on aftershock-removal parameters, suggesting that clustering of deep earthquakes occurs via a different process from that in shallow earthquakes. For shallow earthquakes, the results are consistent with a model in which foreshocks are manifestations of the same process as aftershocks.
INTRODUCTION
New Zealand is regularly shaken by moderate earthquakes (Fig. 1) , and a question arises as to whether a medium-sized event could be followed soon by a larger, more damaging one. If the probability of such an occurrence is known to be high, simple measures could be taken by emergency institutions, and individuals might take useful precautions. Earthquake prediction and the analysis of foreshocks and earthquake swarms have been topics of major research. Smith (1981) found that 6 out of 8 magnitude (M L ) c. 6 events in New Zealand were preceded by smaller earthquakes within 30 days before, and within 50 km of, the mainshock. The rate is too high to be described by chance. Further, he indicated that many proposed foreshocks occur less than 24 h before the mainshock. However, his study G99041 Received 30 August 1999; accepted 31 May 2000 could not determine the inverse question of, given an event, how likely is it to be a foreshock of a bigger event? Evison & Rhoades (1993 determined that swarms or clusters of swarms may precede mainshocks by periods of several years to tens of years, and they are currently testing their model relative to a Poisson model. However, this swarm hypothesis can not provide any information on a short timescale of weeks or days. Chong (1983) examined conditional probabilities of foreshocks and aftershocks of New Zealand earthquakes, finding strong clustering, such that many earthquakes were preceded and followed by larger events closely in time and distance. He did not remove aftershocks from the catalogue, however, so that many of the smaller events followed by larger events were part of other aftershock sequences. Jones (1985) investigated foreshocks in Southern California. Her results showed that the probability that a M L > 3 event is followed by a larger earthquake within 5 days and 10 km is c. 6%, if the event is not already part of an aftershock sequence. She also found that mainshocks mostly occur within 24 h of the proposed foreshock. A similar study by Savage & DePolo (1993) in the Great-Basin and Sierra Nevada region obtained a 10% probability for an M L > 3 event to be followed by a mainshock in the volcanic Mammoth/Mono Lake region, and 6% for the Nevada area, respectively.
These ideas have been taken further. Agnew & Jones (1991) examined the conditional probability for earthquakes occurring within given fault zones. Console et al. (1993) considered foreshocks occurring after periods of quiescence. The relationships between clusters of earthquakes and later ones as a function of cluster location and size are also examined (Ogata et al. 1995; Maeda 1996) . Reasenberg & Jones (1989 , 1994 suggested that foreshocks are simply extensions of aftershock occurrences, and they showed that foreshock rates can be determined from aftershock parameters. The assumption of the similarity of foreshocks and aftershocks is also built into the statistical models of Ogata (e.g., 1983 Ogata (e.g., , 1989 Ogata (e.g., , 1992 . Jones et al. (in press) formalised the hypothesis, and suggested that, except for thrust faulting, foreshock occurrence rates can be determined from aftershock parameters (i.e., that foreshocks could be mainshocks whose aftershocks happen to be big). However, in thrusting earthquakes in Italy, fewer than the expected number of foreshocks occur (Jones et al. in press) . Some of these ideas have been adopted to produce real-time hazard maps (e.g., Kagan & Jackson 1994) .
The tectonic regime of New Zealand contains strike-slip and normal events as well as thrusting events, and may therefore behave differently from California and Italy. This paper follows the approach that Jones (1985) and Savage & DePolo (1993) Rupp (1995) . During the 1960s and early 1970s the number of recording stations increased significantly in New Zealand. Due to this increase in recording stations with more sophisticated equipment, the number of registered earthquakes has increased also. A magnitude cut-off threshold (Me) is found from manual examination of the magnitude/frequency plot for consecutive time periods. The threshold is determined by the point where the linear relationship between log (AO and magnitude M starts to cease. A^is here defined as the number of earthquakes greater than the correspondent magnitude. Above the threshold, the data are considered to be complete. We use M c = 4.8 for 1951-80, and 3.8 for 1981-present) ; the same cut-off is used for all depths (see plots in Rupp 1995) .
In calculating the foreshock probabilities, aftershocks must be removed fully from the earthquake catalogue. An earthquake is often followed by a series of aftershocks with smaller magnitudes. The algorithm that is applied to find foreshock/mainshock pairs would recognise any aftershock followed by a larger aftershock as a foreshock/mainshock event. This, of course, would give a higher value for the probabilities than one would get with all aftershocks properly removed. For example, if there is a local earthquake series with increasing time order and magnitudes of 4.8, 4.0, 4.4, 4.0, and 5.5, the events 4.0, 4.4, 4.0 should be identified as aftershocks related to the first event and consequently be removed from further consideration. The 5.5 event would later be interpreted as a mainshock following the 4.8 foreshock. This removal algorithm results in a catalogue that is useful for calculating the rate of foreshocks, but will not be useful for determining how many foreshocks precede a mainshock.
We use the Gardner & Knopoff (1974) method to find aftershocks in an earthquake catalogue. It was found to be more stable than other methods for removing aftershocks from the Nevada earthquake catalogue, where completeness levels varied with space and time (Savage & dePolo 1993) . For each event, we look for earthquakes within a magnitude-dependent space-time window (Table 1) . Earthquakes with magnitude smaller than the original event occurring during the window are deemed to be aftershocks, are given a sequence number and letter in the main catalogue, and are removed from the aftershock-free catalogue (Fig. 2) . The window is modified from those published by Gardner & Knopoff (1974) to take into account the New Zealand environment, using aftershock areas and time durations determined by Gibowicz (1973) and Evison & Rhodes (1993) for swarms, multiplets, and mainshock/aftershock sequences of New Zealand earthquakes (Rupp & Savage 1995) . We plotted a graph of swarm and aftershock distribution radii as a function of magnitude (not shown here), and used as our distance window the line that acted as the envelope below which all the points fell. Using a doubled window, corresponding to the diameter instead of the radius, yielded similar results, but more events were considered aftershocks, so that fewer events were left for analysis, and the error bars were larger (Rupp & Savage 1995) . The time window follows Gardner & Knopoff (1974) , but with extended time intervals for magnitude 7 and higher events. An envelope above the time for background seismicity to drop to less than one event per 10 days is the time limit for the window, and is given in Table 1 . This envelope is conservative and may force out some events that are not true aftershocks. In particular, if in some areas the average time between events is greater than the window (e.g., 42 days for MA), then the model may misbehave (see, e.g., section on deep earthquakes below). To remove aftershocks of events prior to the start of our catalogue, we run the aftershock removal programme through the catalogue from 1920 through 1994, and cut events before 1951 for the foreshock probability study. The aftershock removal programme starts on the first earthquake of the catalogue and continues in chronological order of the registered events. The result of this algorithm is an aftershock-free catalogue. It contains two classes of events: those that are not associated with any other earthquakes, and the equal or increasing magnitude earthquakes in a series of closely located events. Thus, this method is not able to give valid information about the distribution of aftershocks within a cluster itself. Figure 2 464 New Zealand Journal of Geology and Geophysics, 2000, Vol. 43 shows the 1990 catalogue before and after the removal of aftershocks on a time-distance plot. Table 2 gives the number of events in catalogues for three depth intervals, before and after aftershock removal.
A second space-time window represents a distance in space and time for each event of the aftershock-free catalogue in which a greater or equal event is considered to be a mainshock. Its size is defined separately from the one used to find aftershocks. We choose the same 5 day window used by Jones (1985) . We follow Console et al. (1993) in using a space window of 30 km, because of more diffuse seismicity and poorer location accuracy in our catalogue compared to that in southern California, where Jones (1985) used a space window of 10 km. Another choice would have been to use a distance window that depends on magnitude, but to keep our results comparable to previous work, we keep a constant interval.
Subduction-related earthquakes may have a different cause than the shallow earthquakes for which most similar studies have been carried out. Therefore, we sort both the original and the aftershock-free catalogue into three different depth ranges: 0^0, 40-120, and >120 km.
In general, a foreshock is an earthquake of smaller or equal magnitude preceding the mainshock within a defined distance and time interval. Because magnitude calculations are not precise, however, there will always be an uncertainty as to the true magnitude of an event, and therefore how to classify a pair of events. For example, if an earthquake of magnitude 4.2 is followed by an earthquake of magnitude 4.1, our aftershock removal program will consider it to be a mainshock/aftershock sequence, but if the first earthquakes' magnitude were 4.0, it would be considered a foreshock/ mainshock pair. In addition, earthquakes in the early part of the catalogue will have less accurate magnitudes than later events due to fewer stations being available. Furthermore, we do not have enough events to achieve statistical validity if we consider earthquakes in only 0.1 unit intervals. Thus, we follow Savage & dePolo (1993) and round our magnitudes to the nearest 0.5 unit to make the foreshock/ mainshock probability calculations. We also follow Jones (1985) and Savage & dePolo (1993) by treating the earthquakes in three categories: (1) those "foreshocks" with equal or greater magnitude events following, which will include swarms and probably also some misidentified mainshock/aftershock pairs with close magnitude differences between the mainshock and aftershock; (2) those with rounded magnitudes separated by more than 0.5 units; and (3) those with a full magnitude between the proposed foreshock and mainshock.
The conditional probability that a mainshock will occur, given that an earthquake has already occurred, is obtained from the data of the earthquake catalogue. It is assumed that the probabilities have not changed significantly since 1951. The probability is then simply the frequency of occurrence of foreshock/mainshockpairs in the catalogue (Jones 1985) . If the probabilities change with time, we will be calculating the average probability over the time. Each half unit in the rounded catalogue is examined to see how many times it occurred (N), and how many times it was followed by an event with equal or larger rounded magnitude (n). We define the probability by the simple binomial model: the probability of occurrence p is given by/? = (n/N) and as long as N > 0, the standard deviation (o)is given by CT = [p(l-p) /N] 1/2 (e.g., Bevington 1969). Similar procedures are followed for probabilities for cases (2) and (3) above.
For evaluating the probabilities, the normal background activity must be considered. Probabilities are calculated in two ways. One estimate is calculated on the basis of aftershock-free data from 1987 to 1994, during which period uniform procedures were followed to locate earthquakes. Consider the number of events (M = 796) with rounded magnitude above 4.0, and the area (A = 8.3 x 10 11 m 2 ) for which the catalogue is approximately complete. D is the number of days in the catalogue (D = 2891). Then the background probability (BG) of a magnitude 4.0 or greater event occurring in any given circle of radius r = 30 km and 5 days is: BG = (SMnr^yDA = 0.47%. Similar calculations are performed for larger magnitudes. This method has the advantage of being simple, but assumes a uniform distribution of seismicity in space, which is obviously not true (Fig. 1) . As an alternative method of calculating the background probability that uses a more realistic spatial distribution, we also evaluate the probabilities by the following procedure: we use the locations and magnitudes from the catalogue, but randomly re-order the earthquake occurrence times. Then the probabilities are calculated from the catalogue with randomised times, using the same programs and parameters used for the true catalogue. We do this for five realisations of the random catalogue and report the averages and ranges here (see Table 4 ).
RESULTS
The aftershock removal programme removes a substantial fraction of the catalogue for all depth ranges (Fig. 1, Table 2 ). The window leaves only 45% of the catalogue for shallow and deep events, and 60% of the catalogue for intermediate-depth earthquakes. Proportionally fewer larger events have been removed than smaller events. For example, for events above magnitude 5.8, >80% of the earthquakes remain at all depth intervals. This biases the ^-values for the catalogue with aftershocks removed from the standard Gutenberg-Richter law.
For shallow earthquakes, the probability of a mainshock occurring, given that a moderate earthquake has already occurred, yields slightly higher values at magnitudes <5 than those >5; however, the error bars are consistent with the probabilities being constant with foreshock magnitude ( Fig. 3; Table 3 ). Because of this difference, and the larger numbers of smaller events, the averages (last three rows in Table 3 ) vary slightly depending on the averaging method. Including all earthquakes with rounded magnitude 4.0 or higher, there is a 5.3 ± 0.5% probability of an event being followed by an equal or larger event within 5 days and 30 km, 2.1 ± 0.3% probability of being followed by an event magnitude 0.5 or more higher, and 0.6 ± 0.2% probability of an event one or more magnitude units higher. These numbers drop to 4.5 ± 0.7%, 1.5 ± 0.4%, and 0.8 ± 0.53%, Foreshock probabilities as a function of magnitude for the three depth intervals examined. Circles: Probability that a foreshock will be followed by an equal or larger event. Crosses: Probability that a foreshock will be followed by an event at least 0.5 magnitude units higher. Stars: Probability that a foreshock will be followed by an event one magnitude unit larger. Labelled panels show depth interval used. Left panels include all events in the catalogue. The top two right panels separate the catalogue into events occurring before and after 1980, while bottom right panel shows results for events occurring within the restricted box shown in Fig. 1 .
Table 3
Conditional probabilities (P) in percent for a mainshock of magnitude Mm to follow a foreshock of magnitude A^f within 5 days and 30 km. P, n, N, and standard deviations, defined in the text, are given in three categories. These are mainshocks greater than the foreshock by 0.0, 0.5, and 1.0 units. "Avg" is the mean of all the results for individual magnitude windows, while "M>5.0" and "all" represent averages calculated by using the same formulas as for the individual magnitude ranges. All three averaging methods yield similar results. There are more events with magnitude >5.0 than 4.5 because of the magnitude 5.0 cut-off used from 1951 through 1980. (Table 3) .
Mf
Further tests were made to see if the variation in completeness with time was affecting the data, and if areas of poorer coverage were giving different values (Fig. 3) . To examine the time dependence, we calculate probabilities using the shallow catalogue separated into two time periods, 1951-79 and 1980-94 (Fig. 3) . Within the error bars, there is little difference between the two time windows. To examine the effect of coverage, we used a subset of the catalogue that mainly included events onshore (Fig. 1,3) . Again, there is little difference between these values and the other subsets. The probabilities are similar for all shallow catalogue subsets, except that the error bars are increased due to the smaller number of events. Therefore, we report only the results for the full catalogue in Table 3 .
Deeper earthquakes, however, show unexpectedly large (6%) probabilities at low magnitude, and strong dependence on magnitude (Fig. 3) .
DISCUSSION

Shallow earthquakes
The similarity of probabilities for shallow events at most magnitudes, and for all subsets of the catalogue, suggests that the most accurate probabilities will come from using the largest catalogue (i.e., the entire time and distance range available). However, there is a possibility that the somewhat higher probabilities for magnitudes 4 and 4.5 events will bias the results because of the larger numbers of events in those ranges. Thus, for the rest of the discussion, we use the individual probability calculations for magnitudes 4 and 4.5, and the combined probability (line M > 5 in Table 3 ) for events with magnitudes 5 and above. Thus, if a magnitude 5 or greater earthquake is recorded that is not already associated with an aftershock sequence, there is a 4.5 ± 0.7% probability of an equal or larger event within 5 days and 30 km, 1.5 + 0.4% probability of an event of magnitude 0.5 or more higher, and 0.8 ± 0.3% probability of an event one or more magnitude units higher.
Deep earthquakes
The apparent strong dependence of foreshock probability on magnitude for deep events may be caused by different clustering characteristics for deep events. A strong decrease of foreshock probability for increasing magnitude was seen for shallow earthquakes when aftershocks were not removed before the calculation, and when smaller windows were used in the aftershock removal routine. Savage & dePolo (1993) found a similar behaviour when they examined results using the Reasenberg (1985) declustering method. We follow them in suggesting that, when aftershocks are not removed, the observed dependence of probability on magnitude is consistent with the Gutenberg-Richter relation. Further support for this suggestion comes from the same trend being apparent in the time-randomised catalogue (Table 4) .
Deep events in New Zealand have long been noted as yielding different clustering than shallow events (e.g., Vere-Jones et al. 1964) . The apparently higher probability of mainshocks after moderate events (Fig. 3 ) may be another manifestation of this phenomenon. Stock (pers. comm. 1999) found that the distribution of deep events is more uniform in time than for shallow events. The large number of events considered as aftershocks (Table 2 ) may therefore be a consequence of this more uniform distribution. Perhaps deep earthquakes occur often enough and close enough together, that the windows used to determine if an event is an aftershock are large enough to allow the deep earthquakes to be considered as aftershocks, even though they represent a more continuous energy release. The shallow catalogue exhibits clustering, with a large number of events occurring close together in time and space and gradually decreasing in frequency over time (Fig. 2) . In contrast, the deep catalogue is more evenly distributed to start with. The aftershock removal programme has removed some of this distributed seismicity by the use of large time windows (Table 1) . Table 4 Conditional probabilities (%) calculated as in Table 3 , but for the average of five realisations of the catalogue with randomised times. Parentheses give lower and upper ranges for the realisations. No earthquakes of magnitude 5.5 or higher were followed by equal or larger events within the required time intervals in the catalogues with randomised times. Comparison to other studies Chong (1983) examined the New Zealand earthquake catalogue from 1964 through 1982, and found that earthquakes between magnitude 4.0 and 5.0 were followed by earthquakes within 5 days and 9 km 2000 times more often than expected from a Poisson process. However, these results include aftershocks and are therefore not directly comparable to our results.
For shallow earthquakes, a similar lack of dependence on magnitude, but slightly higher probabilities, was found in the western United States. With the same techniques in Nevada, probabilities averaging 6.3 ± 0.8% were found for mainshocks following moderate earthquakes within 15 km and 10 days (Savage & dePolo 1993) . 6 ± 0.5% of events were followed by equal or larger earthquakes within 10 km and 5 days in southern California (Jones 1985) . For magnitude 0.5 units higher, the respective comparisons are 3.1 ± 0.6% for Nevada and 5% in California. For 1.0 units higher they are 2.1 ± 0.5% for Nevada and 2.5% for California. Still higher probabilities of 10% for events followed by equal or larger earthquakes were found in the geothermal Mammoth/Mono region of eastern California (Savage & dePolo 1993) . Especially considering the larger distance window used here, the somewhat smaller probabilities in New Zealand suggest that there are not as many foreshocks as in the western United States. These smaller values are similar to those found in Italy (DiLuccio et al. 1997) . Higher foreshock occurrence rates of 15% or greater are reported for Japan (e.g., Maeda 1996) , but the results are difficult to compare because they have used different aftershock removal techniques and different methods for defining foreshocks. Reasenberg (1999) found, worldwide, that 7.5% of magnitude 5 events are followed by magnitude 5 or larger events within 7 days and 75 km, and 2.3% are followed by magnitude 6 or larger. These numbers are also somewhat larger than the results in New Zealand, but are again for a wider time and distance window than this study.
The higher probabilities found in the Savage & dePolo (1993) study for volcanic areas raise the question of whether the inclusion of swarms from the Taupo Volcanic Zone could be affecting our results (e.g., Sherburn 1992) . In that case, the average probabilities in the rest of New Zealand might be smaller than we report.
Comparison to aftershock occurrence rates Several investigators (Reasenberg & Jones 1989 , 1994 Ogata 1992; Reasenberg 1999) suggest that foreshock occurrence probabilities should be given by extrapolating the aftershock occurrence probabilities to larger "aftershocks". We can test this in New Zealand. Eberhart-Phillips (1998) presented aftershock sequence parameters based on the Reasenberg (1985) declustering analysis for 17 mainshocks with magnitude Mm > 5.5. The expected rate of aftershocks of magnitude M or larger, at time t (in days) following a mainshock Mm will be:
Here a, b, c, and/? are parameters that are fit separately for each sequence Eberhart-Phillips determined averages of a = -1.66, b = 1.03, c = 0.03, and/? = 1.02. We use these parameters together with the expression for probability given by Reasenberg & Jones (1989 , 1994 : P = 1 -exp [-lR(t,M)dt] . The probabilities depend only on the difference in magnitude between the two events, and for Mm = M, the probability is 10.7%. For Mm-M = -0.5 (an "aftershock" with magnitude 0.5 higher than the "mainshock"), the probability is 3.4%, and for Mm-M = -1.0, the probability is 1.1%. These values are larger than our averages of 4.5, 1.5, and 0.8%, for probabilities of an event being followed by another event with magnitude equal or greater, 0.5 units or greater, and 1.0 units or greater than the first event, respectively.
The range of foreshock probabilities allowed by the aftershock statistics is extremely large. Using the parameters published for each of the 17 earthquake sequences (EberhartPhillips 1998), the range of probabilities is from 0.21-52, 0.054-23, and 0.058-10% for the three categories of foreshocks. Thus, our results are consistent with models in which foreshocks are a manifestation of the same process as aftershocks, but the huge range allowed makes such consistency less meaningful.
Warning the public
Less than 1 in 20 earthquakes will be followed by larger events, which seems rather small. Yet, these numbers are quite large when compared to the background probability that an event would occur in any given 30 km radius circle in 5 days. Table 5 shows the ratio of the conditional probability to the background probability, sometimes called the probability gain. Using the background probabilities calculated from the assumption of uniform spatial distribution, the probability of a larger event occurring is c. 10 times the background probability for magnitude 4.0 foreshocks, rising to c. 90 times background for magnitude 5.0 events.
If one compares the aftershocks instead to the background probabilities determined from the randomised catalogue, smaller probability gains are determined. The probabilities from the randomised catalogue decrease with increasing magnitude (Table 4) . No magnitude 5.5 or higher events were followed by equal or larger events within 30 km and 5 days in any of the five realisations. If we use these values as background rates, rather than the uniform background values determined above, the likelihood of a bigger event, given a magnitude 4.0 has occurred, is seven times the background probability. The likelihood of a magnitude 5 event being followed by another magnitude 5 or 6 is c. 20 times the background. The ratio becomes higher still at higher magnitudes, but is undefined in our study since the random catalogues gave no events within the criteria. Table 5 Probability (in percent) of an event of magnitude greater than or equal to the magnitude Mm occurring within a circle of 30 km radius in time interval of 5 days following an event of the given magnitude Mf. ForA/f>4.5, probabilities from line M>5 in Table 3 are used. Column BG stands for the background probability of any shallow event not already associated with a mainshock occurring given the seismicity rate during 1987-94 and assuming a uniform spatial distribution of earthquakes. Numbers in parentheses are the factors by which the probability is greater than the background, using BG before the colon, and the average probability from Table 4 Thus, it seems appropriate to warn the public about the possibility of more damaging events after magnitude 5.0 or larger earthquakes. Warnings for a proposed foreshock would be best taken from the probabilities for events 0.5 and higher or 1.0 and higher; probabilities of similarmagnitude events are probably best described by the aftershock occurrence rates given above in the comparison with Eberhart-Phillips's results (probability of 11%). Depending on how background probabilities are calculated, if an earthquake of magnitude 5.0 occurs, there is between 20 and 100 times greater likelihood of a more damaging earthquake than the background probability. Since magnitude 5.0 events themselves may cause some damage, we feel that it is appropriate to warn the public after such an event. We feel it is wrong to reassure them that there is no higher risk. On the other hand, we feel the public might misunderstand and be unduly alarmed if such figures as "100 times the background probability" are used. In addition, there is the possibility of regional variation in foreshock rates that could affect different areas in different ways; moreover, initial earthquake locations in many areas can be more than 30 km from the final locations. Thus, we advocate answering concerned citizens' questions straightforwardly, such as the following statement: "We can't say for sure whether or not another damaging earthquake will occur. But we do know that on average in New Zealand, for every 10 earthquakes like this one, one will be followed soon by an earthquake about the same size, but only one in 65 will be followed soon by an earthquake that is substantially bigger (a magnitude 0.5 units higher). The likelihood of bigger earthquakes will decrease with time, and will be back to normal within a few days. We consider this a good wake-up call to remind people to check that their earthquake preparedness measures are up-to-date." CONCLUSIONS Applying the Gardner & Knopoff (1974) method of removing aftershocks, using time and space windows modified for the New Zealand earthquake distribution, an average of 4.5 ± 0.4% of magnitude 5+ earthquakes that were not previously part of an aftershock sequence are followed by an equal or larger earthquake. This percentage drops to 1.5 ± 0.4% if the larger earthquake has a magnitude 0.5 units or greater than the foreshock, and to 0.8 ± 0.3% for earthquakes one or more units greater. The percentages may increase slightly with smaller foreshock magnitudes. The percentages can be directly translated into probabilities. These probabilities are consistent with aftershock statistics, and with the model that foreshocks and aftershocks are manifestations of the same process. When a magnitude 5.0 or greater event occurs, the probability that another 5.0 or greater event will occur soon is 20-90 times higher than the normal background probability. Magnitude 5.0 earthquakes are also at the threshold for which damage can become important. Thus, we suggest that, at this level, it may be useful to warn the public and emergency management agencies about the possibility of a damaging event occurring. Because of the similarity between foreshocks and aftershocks, the time dependence of the warning could be found from Eberhart-Phillips's (1998) published aftershock occurrence decay rates.
